The exclusive reaction p ! K 0 K n was studied in the photon energy range between 1.6 and 3.8 GeV searching for evidence of the exotic baryon 1540 ! nK . The decay to nK requires the assignment of strangeness S 1 to any observed resonance. Data were collected with the CLAS detector at the Thomas Jefferson National Accelerator Facility corresponding to an integrated luminosity of 70 pb ÿ1 . No evidence for the pentaquark was found. Upper limits were set on the production cross section as function of center-of-mass angle and nK mass. The 95% C.L. upper limit on the total cross section for a narrow resonance at 1540 MeV was found to be 0.8 nb. Following the announcement by the LEPS collaboration [1] in 2003, many experiments [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] reported evidence of a new exotic baryon with strangeness quantum number S 1 and valence quark structure udud s. The renewed interest in pentaquarks was motivated by a prediction within the Chiral Soliton Model [12] for a S 1 baryon at a mass of 1530 MeV and width of less than 15 MeV. If it exists, this would be the first observation of a baryon state that is not made up of a simple 3-quark (qqq) valence configuration. The observation of a second pentaquark, the ÿÿ with dsds u structure, was reported by the NA49 collaboration [13] and the first evidence for an anticharmed pentaquark, c , was found by the H 1 collaboration [14] . On the other hand, in the past year reanalyses of data collected in high-energy experiments [14 -27] show no evidence for pentaquarks, casting doubt on their existence. The experimental evidence, both positive and negative, was obtained from data previously collected for other purposes in many reaction channels and under very different kinematic conditions, which likely involved dissimilar production mechanisms. Thus, direct comparisons of the results of the different experiments are very difficult, preventing a definitive conclusion about the pentaquark's existence. A second generation of dedicated experiments, optimized for pentaquark searches, was undertaken at the Thomas Jefferson National Accelerator Facility. These photo-production experiments cover the few GeV beam energy region where most of the positive results have been reported, and collect at least an order of magnitude more statistics than any of the previous measurements. The mass resolution is of the order few MeV and the accuracy of the mass determination is approximately 1-2 MeV, allowing precise determination of any possible narrow peaks in the decay distributions. This Letter presents the first result from this program. We searched for the in the p ! K 0 K n reaction, where the K n decay mode identifies a baryon with strangeness 1. This channel was previously investigated at ELSA by the SAPHIR collaboration [4] in a similar photon energy range, finding positive evidence for a narrow state with M 1540 MeV and full width at half maximum (FWHM) ÿ < 25 MeV. A total production cross section on the order of 300 nb (reduced later to 50 nb as reported in Ref. [28] ) was reported. For the first time, our new results put previous positive findings to a direct test. This measurement was performed using the CLAS [29] detector at Jefferson Lab in the experimental Hall-B with a bremsstrahlung photon beam produced by a primary continuous electron beam of energy E 0 4:0 GeV. A bremsstrahlung tagging system [30] , which measures the energy of each interacting photon with resolution of 0.1% E 0 , was used to tag photons in the energy range 1.6-3.8 GeV. The target consisted of a 40 cm long cylindrical cell containing liquid hydrogen. Outgoing hadrons were detected and identified in CLAS. Momentum information for charged particles was obtained via tracking through three regions of multiwire drift chambers [31] 
week ending 3 FEBRUARY 2006 042001-2 toroidal magnetic field ( 0:5 T), which was generated by six superconducting coils. The CLAS momentum resolution is on the order of 0.5-1% () depending on the kinematics. The detector geometrical acceptance for each positive particle in the relevant kinematic region is about 40%. It is somewhat less for low-energy negative hadrons, which can be lost at forward angles because they are bent out of the acceptance by the toroidal field. The field was set to bend the positive particles away from the beam into the acceptance region of the detector. Time-of-flight scintillators were used for hadron identification [32] . The interaction time between the incoming photon and the target was measured by the start counter [33] , consisting of a set of 24 2.2 mm thick plastic scintillators surrounding the hydrogen cell. Coincidences between the photon tagger and two charged particles in the CLAS detector triggered the recording of the events. An integrated luminosity of about 70 pb ÿ1 was accumulated in 50 days of running. In total, about 20 TB of data were collected.
The reaction p ! K 0 K n was isolated as follows. The K was detected directly, and the K S component of the K 0 was reconstructed from its ÿ decay. The momentum of the neutron was reconstructed from the known incident photon energy and measurements of all other particles in the event. Calibrations of all detector components, and especially the tagger system, were performed achieving a precision of 1-2 MeV in the nK invariant mass determination. The quality of the channel identification is shown in Fig. 1 where the K 0 and the missing neutron peaks are seen above a small background.
Reactions involving hyperon decays also contribute to the same final state. The most significant are p ! K 1520 ! K K 0 n, p ! ÿ K , and p ! K ÿ . These backgrounds are easily removed in our analysis with cuts around the known masses. They also serve as checks of our analysis procedure, e.g., by comparing their production cross sections with the world data. Figure 2 shows the background peaks: 1520 in the K missing mass spectrum and the and ÿ peaks in the n and n ÿ invariant mass spectra, respectively. The mass region of each of these peaks was excluded from the final data set. After all cuts, the data sample contained approximately 0:17 10 6 events out of the 7 10 9 in the original data set. The resulting nK invariant mass distribution is shown in Fig. 3 . The spectrum is smooth and structureless. In particular, no evidence for a peak or an enhancement is observed at masses near 1540 MeV, where signals associated with the were previously reported.
To enhance our sensitivity to a possible resonance signal not visible in the integrated distribution, we considered the two-body reaction p ! K 0 1540 and selected different K S ( K 0 ) center-of-mass angle intervals. Monte Carlo studies of the CLAS acceptance for this reaction showed that we could detect events over the entire angular range (0 -180 ), with some reduction of efficiency at forward angles ( c:m:
). No structures were found in the distribution when specific angular ranges were selected. Since no signal was found, an upper limit for the production cross section in this reaction channel was extracted. The unbinned nK mass spectrum was fit in the range 1.45-1.8 GeV using a maximum likelihood procedure, with the sum of a narrow Gaussian function and a 5th-order polynomial that parameterizes, respectively, the contribution and a smooth background. To derive the corresponding event yields, the fitted functions were integrated over 3 around a fixed mass position. The fit procedure was repeated varying the resonance position from 1520 to 1600 MeV in 5 MeV steps while the width was fixed at 3.5 MeV. This value was derived by Monte Carlo simulation assuming a negligible intrinsic width as suggested from recent analyses of KN scattering data [34] and therefore dominated by the CLAS experimental resolution. The validity of the Monte Carlo simulations in reproducing the experimental data was checked by comparing the predicted with measured widths of narrow states such as the and ÿ . The data set was independently analyzed by three groups, each one deriving an estimate of the and background yields. The three analyses differ in the reaction selection cuts, in the background rejection criteria, and in the fit to the mass spectra. The three results were found to be consistent. They were combined by taking the average of both the signal and background yield, assuming totally correlated measurements. These values were then used to evaluate an upper limit at 95% C.L. on the yield using the Feldman and Cousins approach [35] .
The upper limit on the yields was then transformed into an upper limit on the production cross section taking into account the luminosity of incident photons and target, the CLAS detection acceptance, the
branching ratios of 50% 69% [36] , the assumed branching ratio to nK of 50%, and several models for the production mechanism. The CLAS acceptance for the detection of the in this reaction was obtained by means of detailed Monte Carlo studies which included knowledge of the detector geometry and response to traversing particles. In the simulation the p ! K 0 ! ÿ K n distributions were generated assuming five different production mechanisms: t-exchange dominance (the K 0 is mainly produced at forward angles in the center-of-mass system), u-exchange dominance (at backward angles), uniformly distributed, and using the predictions of the model in Ref. [37] (with and without K exchange process). For the t-exchange hypothesis we used the same angular distribution as for p ! K 1520 production, which exhibits a typical t-channel forward peaking behavior [38] . The u-exchange distribution was generated the same way but interchanging the center-of-mass angles of the K 0 and . The CLAS overall detection efficiencies obtained with different production mechanisms varied between 2.8% for the t-exchange hypothesis and 5.2% for the angular distribution of Ref. [37] when no K exchange process is included. All the upper limits reported in this article were derived in the most conservative scenario, i.e., in the t-exchange hypothesis.
The upper panel in Fig. 4 shows the upper limit on the total cross section as a function of the mass. An upper limit of 0.8 nb was found for M 1540 MeV. The process to extract the yield was repeated for each angular bin to derive the 95% C.L. upper limit on the 1540 differential cross section d=d cos K 0 c:m: . The result is shown in the lower panel of Fig. 4 . The cross section upper limit remains within about 1-2 nb for most of the angular range and rises at forward angles due to the reduced CLAS acceptance. As a check on our procedure, we extracted the differential and the total cross section for several known reactions from the same data set, finding overall good agreement within experimental uncertainties with the existing world measurements. These results will be reported elsewhere.
Another measure of the strength of the pentaquark signal is to compare the upper limit on the yield to the number of 1520 events produced in the reaction. The 95% C.L. upper limit on the number of events at a mass of 1540 MeV for our data sample is 220 events. The number of observed 1520 events, shown in the upper panel of Fig. 2 , was determined using a Breit-Wigner resonance shape fit to be 100 k. Thus, the ratio is less than 220=100 k 0:22% (95% C.L.).
Our upper limit on the cross section is in clear disagreement with the findings of Ref. [4] which reported a signal of 63 events at a mass of 1540 MeV corresponding to the published total cross section of 300 nb. In order to better compare with that experiment, we repeated the analysis applying the same cuts reported in that paper: the photon energy was limited to 2.6 GeV, only events with a forward-emitted K 0 ( K 0 c:m: > 60 ) were used and no cuts were made to exclude hyperons. The resulting mass distribution is shown in the inset of Fig. 3 : it remains smooth and structureless. Another way to show the inconsistency of the two experiments is to compare the ratio of the upper limit of the number of with the number of the observed 1520. Applying again the same specific cuts to reproduce the SAPHIR analysis, we evaluated a 95% C.L. limit on the yield of less than 100 events. In the same photon energy range (1.6 -2.6 GeV) we observed 53 000 1520's, compared with a yield of 63 and 630 1520's, respectively, reported in Ref. [4] . The ratios obtained in the two experiments differ by more than a factor 50.
In conclusion, this is the first result of a dedicated set of high-statistics and high-resolution experiments undertaken at Jefferson Lab to elucidate the debate on the existence of the pentaquark. The reaction p ! K 0 K n was studied in search for evidence of the pentaquark in the nK decay channel. The final state was isolated detecting the K , the K 0 by its ÿ decay, and identifying the neutron by means of the missing mass technique. The direct measurement of the K allows one to define the strangeness of any baryon resonance observed in this final state. The nK mass distribution was found to be smooth and structureless. No evidence for a narrow resonance was found in the mass range 1520 -1600 MeV. An upper limit of 0.8 nb (95% Confidence Level) on the total production cross section for a mass of 1540 MeV was set. This is in disagreement with previously reported evidence for a resonance in the same reaction channel, and sets stringent upper limits on the models which predict these long-lived pentaquark states.
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